The safety of discharging adult patients recovering from critical illness directly home from the intensive care unit (ICU) is unknown.
The exposure variable was patient disposition on ICU discharge. The exposed group comprised patients discharged directly from the ICU to home, bypassing a stay on a hospital ward (hereinafter referred to as directly home). The nonexposed group comprised patients transferred from the ICU to a hospital ward (unit not able to provide invasive monitoring, vasoactive medications, and mechanical ventilation) and subsequently discharged home (hereinafter referred to as home via the hospital ward).
16 None of the hospitals had guidelines to inform the discharge of patients directly home from the ICU.
Data Sources
We used data from 3 databases that have previously been used for program evaluation and research. 17, 18 eCritical Alberta prospectively captures demographic, clinical, and outcome data for all patients admitted to the study ICUs using a fully integrated bedside electronic medical record (MetaVision; iMDsoft). 19 The discharge abstract database captures data on all hospitalized patients, including dates of admission, discharge, and death, up to 25 Canadian Enhancement of International Statistical Classification of Diseases, 10th Revision, diagnostic codes, and up to 20 Canadian Classification of Health Interventions procedure codes. 20 The National Ambulatory Care Reporting System Metadata (NACRS) captures data on all emergency department visits.
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Patient and Hospital Factors
We identified, a priori, factors that may affect health care utilization and outcomes of patients recovering from critical illness after discharge home. 1, 22 [SOFA] score in the first 24 hours in the ICU) and at ICU discharge (SOFA score on the last day in the ICU); interventions received in the ICU (mechanical ventilation, vasoactive medications, renal replacement therapy); and community support prescribed at hospital discharge (services from an external agency including attendant care, home care, food home delivery, homemaking, and supportive housing). 20 The presence of comorbidities was derived using the Deyo classification of the Charlson Comorbidity Index and validated by Canadian Enhancement of International Statistical Classification of Diseases, 10th Revision, coding algorithms. 25 Hospital factors included teaching status, number of hospital and ICU beds, number of
Key Points
Question What are the health care utilization and clinical outcomes for adult patients discharged from the intensive care unit (ICU) directly home compared with those discharged home via the hospital ward?
Findings In this population-based cohort study of 6732 ICU patients discharged home from 9 hospitals, 14% went directly home from the ICU, and 86% went first to a hospital ward from which they were subsequently discharged home; the proportions of these 2 groups with a readmission to the hospital (10% vs 11%) or with an emergency department visit (25% vs 26%) within 30 days of discharge were not significantly different. About 4% of patients in each group died within 1 year of initial discharge home.
Meaning Discharging select patients directly home from the ICU is not associated with increased health care utilization or mortality.
patient discharges directly home (<1 vs ≥1 patient per week), ICU occupancy (percentage), and transfer delay (time from when a patient was determined to be ready for ICU discharge to when the patient left the ICU).
26,27
Health Care Utilization and Outcome Measures
The primary outcome was readmission to the hospital within 30 days. [28] [29] [30] We examined 2 secondary outcomes: (1) emergency department visits within 30 days and (2) death at 365 days.
Statistical Analyses
We used multivariable generalized estimating equation logistic regression models with an exchangeable correlation structure accounting for clustering of patients within hospitals to determine factors associated with a patient being discharged directly home. We used Cox proportional hazards regression models accounting for clustering of patients within hospitals to determine factors associated with hospital readmission or an emergency department visit within 30 days of discharge for patients discharged directly home from the ICU. As agreed a priori, variables with P < .20 in univariable analyses were entered into each model and sequentially eliminated until all variables had P < .10. Sensitivity analyses were used to adjust for patient characteristics.
Comparisons between patients discharged directly home and home via the hospital ward were conducted both in the overall study cohort and in a propensity score matched cohort. Patients discharged directly home were matched to patients discharged home via the hospital ward using 1:1 propensity score matching. The propensity score was estimated using a logistic regression model based on patient characteristics (age, sex, comorbidities, previous ICU admission, ICU admission diagnosis, location before ICU admission, admission APACHE II score, admission SOFA score, discharge SOFA score), therapies received in the ICU (mechanical ventilation, vasoactive medications, renal replacement therapy), and hospital characteristics (hospital, ICU occupancy at discharge, individual patient transfer delays).
31,32 Nearestneighbor matching (R package software, version 3.4; MatchIt) was performed, without replacement, using the logit of the propensity score and a specified caliper width equal to 0.2 of the standard deviation of the logit of the propensity score.
33
The final propensity score model had a C statistic of 0.85 and McFadden R 2 value of 0.27. Model performance was similar when variables with continuous data were treated as continuous or categorized using clinically relevant thresholds.
(Note that of the 899 patients discharged directly home with complete data, 83 could not be matched within the specified propensity score caliper width of 0.2 and so were excluded from the matched analyses, leaving 816 patients for propensity score matching.) Time to first hospital readmission; first subsequent emergency department visit; and mortality at 30, 90, and 365 days after hospital discharge were compared between patients discharged directly home and home via the hospital ward using the Kaplan-Meier method to determine cumulative incidence. For the overall cohort, Cox proportional hazards regression models were used to adjust for baseline characteristics and accounted for clustering of patients within hospitals by using robust standard errors. For the propensitymatched cohort, no adjustments were made, and analyses accounted for clustering of patients within hospitals. All analyses were performed using R software, version 3.4.0 (2017-04-21).
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Results
Study Population
The cohort consisted of 6732 patients admitted to 9 medicalsurgical ICUs and discharged alive from the hospital to their home ( Figure 1 ). Among these, 922 were discharged directly home (14%) and 5810 were discharged home via the hospital ward (86%). The proportion of patients discharged directly home varied substantially across hospitals (range, 4.4%-44.0%) and was higher at those hospitals that were nonteaching and had fewer ICU and hospital beds (eFigure in the Supplement).
Compared with patients discharged home via the hospital ward, patients discharged directly home were younger (median age, 47 vs 57 years; P < .001), less likely to have 1 or more comorbidities (39% [n = 360] vs 65% [n = 3774]; P < .001), less likely to have been admitted to the ICU from the operating or recovery room (11% [n = 98] vs 29% [n = 1669]; P < .001), and were less acutely ill in the first 24 hours in the ICU (median APACHE II score 15 vs 18; P < .001) ( Table 1 ). The most frequent ICU admission diagnoses among patients discharged directly home were overdose (23%; n = 208); pneumonia (11%; n = 104); and trauma or orthopedic injuries (9%; n = 79) (eTable 1i nt h eSupplement). During the ICU stay, patients discharged directly home were less likely to receive invasive mechanical ventilation (56% [n = 514] vs 64% [n = 3714]; P < .001) or vasoactive medications (19% [n = 176] vs 38% [n = 2204]; P < .001). In multivariable logistic regression analyses, patients were more likely to be discharged directly home from the ICU if their ICU admission diagnosis was overdose, withdrawal, seizures, or metabolic coma; if they received less than 48 hours of invasive mechanical ventilation; or if they spent more than 24 hours in ICU after being determined ready for discharge (supporting data found in eTable 2 in the Supplement). Conversely, patients were less likely to be discharged directly home if they were older; admitted to the ICU from an operating or recovery room or hospital ward; had a previous ICU admission during the hospital stay; or had higher severity of acute illness on admission or discharge (eTable 2 in the Supplement).
Health Care Utilization and Clinical Outcomes
Due to missing patient characteristics for 105 patients (1.6%), propensity scores were calculated for 899 patients (97%) discharged directly home and 5728 patients (99%) discharged home via the hospital ward. Of the 899 patients discharged directly home with complete data, 83 could not be matched within the specified propensity score caliper width (0.2) and so were excluded from the matched analyses. The remaining 816 (91%) were matched to patients discharged home via the hospital ward, resulting in a matched cohort of 1632 patients (Table 1 ).
In the propensity score matched cohort, patients discharged directly home had similar length of ICU stay (median, 3.1 days vs 3.0 days; P = .42), but significantly shorter length of hospital stay (median, 3.3 days vs 9.2 days; P < .001) than patients discharged home via the hospital ward. Patients discharged directly home were more likely to leave against medical advice (6% [n = 45] vs 4% [n = 31]) and less likely to be prescribed community support services (6% [n = 52] vs 16% [n = 131]) at the time of hospital discharge (P < .001).
After hospital discharge, there were no significant differences in health care utilization or in outcomes between patients discharged directly home or home via the hospital ward (supporting data reported in Table 2 and Figure 2 ). Thirty days after hospital discharge, 10% of patients discharged directly home (n = 81) had been readmitted to the hospital compared with 11% of patients discharged home via the hospital ward (Table 2) . Mortality is a competing risk for hospital readmission and emergency department visit, and the results from competing risk models were similar.
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Risk Factors for Hospital Readmission or Emergency Department Visit for Patients Discharged Directly Home
Of the 29 patient and hospital factors evaluated (eTable 4 in the Supplement), 5 were found to be associated with hospital readmission or emergency department visit within 30 days of discharge for patients discharged directly home: (1) ICU admission diagnosis of overdose, withdrawal, seizures, or metabolic coma; (2) duration of invasive mechanical ventilation of 48 hours or longer; (3) hospital with 600 or more beds; (4) ICU with 1 or more patients discharged directly home per week; and (5) leaving against medical advice ( Table 3) . After adjustment for patient factors, only prescription of community supports, leaving against medical advice, and ICUs with 1 or more patient discharged directly home per week remained statistically significant (Table 3) .
Discussion
In this population-based, multicenter cohort study, we observed that more than 1 in 10 adult patients recovering from critical illness were discharged directly home from a medicalsurgical ICU. These patients had similar lengths of ICU stay, but shorter lengths of hospital stay, compared with patients discharged home via the hospital ward. In the subsequent year, (11) 800 (14) 101 (12) 96 (12) Respiratory other 133 (15) 550 (9) 119 (15) 109 (13) Medical or neurological other 107 (12) 360 (6) 88 (11) 91 (11) Trauma or orthopedic 79 (9) 667 (11) 78 (10) 78 (10) Cardiovascular 67 (7) 644 (11) 66 (8) 65 (8) Sepsis (nonpulmonary) 52 (6) 629 (11) 52 (6) 55 (7) Gastrointestinal 45 (5) 869 (15) 43 (5) h Defined as time from when patient was determined to be ready for ICU discharge to when patient left the ICU. Data were missing for 365 patients, and these patients were assumed to have no delay.
i SOFA score calculated using data from the patient's last day in the ICU. Mean (SD) SOFA scores for the overall cohort were 3.2 (1.8) for those discharged directly home and 3.4 (1.8) for those discharged from a hospital ward.
j Defined as personal or health care services for patients living in a private residential setting that are covered by the health insurance system (eg, home care nurse visits). discharged directly home, factors associated with readmission to the hospital or an emergency department visit within 30 days included leaving against medical advice, prescription of community supports, and discharge from an ICU with 1 or more patients discharged directly home each week. Our study suggests that discharging select patients directly home from the ICU is not associated with increased health care utilization or worse outcomes. While the transfer of patients from the ICU to a hospital ward before discharge home has been extensively studied, much less is known about the discharge of patients from the ICU directly home. of all patients discharged alive from the ICU were discharged directly home. Of these, 23% had an unplanned readmission to the hospital within 30 days, and two-thirds of these readmissions were for problems related to the prior ICU admission. A single study in the cardiology literature surveyed 425 patients discharged directly home and reported that within 6 weeks of discharge, 28% of patients had made an unscheduled return visit to a hospital or physician's office. 13 The quality of care was reported to be good to outstanding by 91% of patients, although 18% reported a perception that they had been discharged prematurely. 13 Lauetal 5 reported that the proportion of patients discharged directly home from 2 medical-surgical ICUs at a health sciences center increased from 3% of patients in 2003 to 12% of patients in 2015. In a follow-up study, the authors reported that only 5% of ICU physicians felt very comfortable with discharging patients directly home.
Assessments of the Safety of Discharging Select Patients Directly Home From the Intensive Care Unit
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Our study contributes to the literature by providing the strongest data yet reported, to our knowledge, for health care utilization and outcomes among patients discharged directly home from the ICU. The results suggest that select adult patients recovering from critical illness are being discharged directly home from the ICU and that, compared with similar patients discharged home via the hospital ward, no important differences in posthospital health care utilization or outcomes were observed. Earlier findings of our research group demonstrate that delays in patient discharge from ICU are common, 16 and data from the present study show that these delays are strongly associated with discharge directly home. One in 3 patients in the present cohort spent more than 24 hours in the ICU after being determined ready for ICU discharge. This misallocation of resources may slow care progression for patients recovering from critical illness and limit ICU access for other patients. The root causes of flow failure need to be delineated and strategies developed to improve patient flow including ICU discharge. We believe that one potential strategy to improve patient flow through the health care system is to reconceptualize the discharge of patients recovering from critical illness. First, analogous to models used by many medical and surgical hospital wards, discharge planning for ICU patients should commence as early as possible, perhaps as soon as clinical recovery is anticipated. 37 Early discharge planning would extend the concept of ICU liberation of critically ill patients from Second, select patients should be eligible to be discharged directly home. The potential benefits include shortening hospital lengths of stay, reducing transitions of care, decreasing flow failure, and alleviating ICU capacity strain. 39 However, strategies are needed to make the discharge of patients directly home from the ICU more effective. Our data suggest that this practice varies widely across institutions and that most ICU clinicians likely have little experience with it. Furthermore, in the present study, all 3 factors associated with readmission to the hospital or an emergency department visit within 30 days of a patient being discharged directly home were associated with characteristics of the ICU or the discharge process, suggesting opportunities for improvement. We recommend that ICUs develop discharge procedures that include identification of candidate patients for discharge directly home, develop protocols to facilitate the process, and train ICU clinicians (including trainees) in these procedures. Processes and outcomes of care for patients discharged directly home from the ICU should be monitored to ensure that patients are not exposed to increased risk and that any burden of care is not inappropriately shifted to the community or family. Conversely, continuing to discharge all patients home via the hospital ward because that is how it has been historically done would represent a missed opportunity for improving efficiency.
Limitations
The results of our study need to be interpreted within the context of its limitations. First, even with propensity score matching using detailed patient and hospital characteristic data for risk adjustment, residual confounding is an inherent risk of observational studies. Nevertheless, our data provide a robust observational evaluation and can be used to provide clinical guidance and justify equipoise for randomized clinical trials. For example, clinicians can now ask themselves whether they are comfortable discharging a patient similar to one included in the present study directly home if their risk of readmission to the hospital within 30 days is approximately 10%. Second, despite a cohort of more than 6000 patients, we are unable to exclude small differences in mortality. Third, we are not able to provide any information about ambulatory care visits or private supports (eg, unpaid caregivers) utilized by patients after hospital discharge. Finally, our study was performed in a single publicly funded health system. This was an important strength of our methodology because it allowed us to measure health care utilization and outcomes for patients following hospital discharge. However, allocation of resources and decision-making processes may vary across health care systems, and the results may not apply to other institutions. We are unaware of any studies that have compared the incidence and experience with the discharge of patients directly home from the ICU across different health care systems. Nevertheless, common challenges to the safe and efficient transition of patients recovering from critical illness back home have been documented in diverse health care systems. 1 
Conclusions
In summary, we found that the discharge of select adult patients recovering from critical illness directly home from the ICU is common, associated with shorter hospital stays, but not associated with increased health care utilization or mortality in the year following hospital discharge. Three risk factors including leaving against medical advice, prescription of community supports at time of discharge, and discharge from an ICU with higher volumes of patients discharged directly home may help to identify patients at increased risk of a hospital readmission or an emergency department visit within 30 days of discharge.
We recommend that ICUs develop discharge procedures that include identification of candidate patients for discharge directly home, develop protocols to facilitate the process, train ICU clinicians in these procedures, and measure outcomes. Patients admitted to the intensive care unit (ICU) are heterogeneous in their underlying illnesses, comorbidities, and requirements for either invasive or nearly continuous monitoring of physiologic and laboratory values. There is also variance in their need for mechanical ventilation, renal replacement therapy, and other mechanical support. Given this heterogeneity, it has been difficult to make broad conclusions about "critically ill" patients.
In this issue of JAMA Internal Medicine, Stelfox and colleagues 1 report that more than 1 in 10 adult patients treated in a medical-surgical ICU are sent home directly from the ICU without experiencing an increase in health care utilization or worse outcomes compared with those first transferred to a hospital general care unit prior to discharge home. These results suggest that there are groups of patients who may require less monitoring and support. Early recognition of this patient group and establishment of alternative pathways to ICU admission might decrease ICU utilization and the cost of hospitalization. On the other hand, it is possible that the ICU is appropriate for a subset of patients through their entire stay, and then they are appropriately discharged directly home as soon as they are ready for transfer out of the ICU. Early identification of this group based on patient characteristics and disease characteristics may help the ICU team prospectively prepare the patient and family for transition to home from the outset of ICU admission.
Transitioning from acute care to home is a complex process with substantial patient safety implications. Intensive care unit teams have not traditionally faced this challenge and must be prepared to coordinate this process. Discharge planning includes physical therapy and nursing assessments regarding mobility, a sustainable nutrition plan, an appropriate home medication regimen, coordination of home care services, and close outpatient follow-up. Care transition techniques previously used in population health management that are aimed at increasing safety and reducing readmissions may be applicable. The better studied of these interventions include delivering the patient's discharge medication regimen to the bedside prior to discharge from the ICU; scheduling a follow-up outpatient appointment within 7 days of discharge; sending a care practitioner to the patient's home during the immediate discharge period; and creating clear and open lines of communication for patients to reconnect with clinicians if problems arise. Table 1 were considered in model construction: age, Charlson score, ICU admission diagnosis, location before ICU admission, admission APACHE II score, admission SOFA score, previous ICU admission during hospital admission, invasive mechanical ventilation (none, duration < 48 hours, duration ≥ 48 hours), vasoactive medications received (y/n), renal replacement therapy (y/n), discharge SOFA score, teaching hospital, ≥600 hospital beds, ≥ 20 ICU beds, ≥1 ICU discharge directly home per week, ICU occupancy ≥ 80%, > 24 hours in ICU after ready for ICU discharge, ICU length of stay). Hospital length of stay and public community supports on hospital discharge were not considered in model construction as they maybe influenced by care provided after patient discharge from ICU. b Reference group are patients discharged home via a hospital ward. c Defined as time from when patient determined to be ready for ICU discharge to when patient left the ICU. a Analyses restricted to the three most common diagnostic groups for patients discharged directly home. b Modeling not done for mortality due to small number of deaths in subgroups. c Reference group are patients discharged home via the hospital ward.
